Introduction
Access to healthcare is the ability to obtain health services when needed (Bodenheimer and Grumbach, 2002) . Health disparities have been a growing concern in the USA. Differences in access to healthcare also play a role in these health disparities. Health insurance is a key factor in being able to access healthcare (Bodenheimer and Grumbach, 2002) . Evidence of this is that people lacking health insurance receive less care and have worse health outcomes. Those who receive Medicaid are not guaranteed access to care since 25 per cent to 50 per cent of private physicians do not accept Medicaid (Bodenheimer and Grumbach, 2002 ). Yet, health insurance cannot be examined independently.
Ethnicity also plays a role in access to healthcare. The 2002 Institute of Medicine's report clearly addresses ethnic disparities in healthcare. In 1999, 21 per cent of African Americans, 21 per cent of Asian Americans, and 33 per cent of Latinos were uninsured compared to 11 per cent of whites. Even though a higher proportion of minorities have financial barriers that prevent access to care, many studies have shown that African-American and Latinos receive fewer services when compared with whites (Harris et al., 1999) .
In order to try to reduce health disparities, it is important to first understand who does not have access to health care and why. This article will present a model that illustrates access to healthcare in two rural midwestern communities. The simulation model presented will help determine if people in these communities have equal access to health care and if physician's insurance coverage practices prevent certain people from accessing care. Figure 1 illustrates the model used to build the simulation. To understand access to healthcare information is needed about the people in the community and the resources available in the community. For the purpose of this simulation the characteristics of the people were limited to ethnicity, health insurance coverage, and estimated service time or delay. The characteristics of the resources were limited to the type of resource available, the health insurance accepted by the provider/service, and the capacity of the resource or the amount of resource available in the community.
Methods

Model
Simulation
A discrete simulation model was created for two different counties using Arena(, the graphical form of SIMAN simulation software. This simulation is illustrated in Figure 2 and models the``access to healthcare'' process. In the SIMAN simulation framework there is a distinction between the model and the experiment. The model is created through a block diagram flow graph that, in this case, depicts how patients move through a section of the healthcare system. For this model the block diagram is divided into four major sections: 1 the Creation stage; 2 Uninsured patients; 3 Medicaid patients; and 4 Service stage.
In the model, entities or healthcare consumers arrive to get care every seven minutes as can be seen in the``Creation stage'' in Figure 2 . Consumers are then assigned a``health insurance type'' and aǹ`e thnicity''. The entities are also assigned an ``ArrivalTime'' which is later used to determine each entity's``ServiceTime''. Consumers are then branched based on health insurance type. All of the insured patients go directly to the``Service stage''. Uninsured patients are sent to thè`U ninsured patient'' section where they are branched off and counted by ethnicity. Once counted, the patients then exit the system by being sent to the``Dispose'' block shown in the``Service stage''.
Medicaid-insured patients are sent to thè`M edicaid patient'' section where they have a 0.50 probability of receiving care by continuing onto the``Service stage'' or and a 0.50 probability of not receiving care. Medicaid patients that do not receive care are also branched off by ethnicity and counted. These then exit the system by going to thè`D ispose'' block shown in the``Service stage''. The``Service stage'' illustrates how patients receive care. All patients in the system wait in one line or queue and have access to the same resources, in this case physicians. Patients exit the queue``first in first out'' and then``seize'' or see a physician. By seizing a physician, this particular resource becomes unavailable until the This expression subtracts the ArrivalTime from TNOW, which is the current time, to determine the total time spent in the system by each patient. The patient then``releases'' the physician, making it available for another patient to seize, and exits the system by going to the``Dispose'' block.
The``Model elements'', shown at the bottom of Figure 2 , specify the experimental conditions of the model. These conditions are the length of the simulation run, the number of replications of the simulation, the characteristics of the queue and the resources, and the characteristics of thè`C ounters'' and``Tallies'' which are the statistics being collected during the simulation.
Assumptions
Experiment conditions
The simulation was run for the equivalent of two years or 230,400 minutes. Table I shows how this run length was determined. This simulation was modeling a terminating system in which there are no patients at the beginning of the day, so no warm-up period was used. The simulation length was also determined to be the shortest run length that would generate enough of the different kinds of entities with varied attributes (i.e. ethnicity and insurance type) so as to capture a representative number of entities.
There were two additional assumptions made about the experiment conditions. All patients waited in the samè`P hysicianQueue''. This means that all of the patients were waiting for the physicians in the same line. Finally, all the physicians were classified as the same resource, giving all the patients that had access to care equal access to the same``pool'' of physicians. No distinction was made for physician characteristics that would limit access to care with a specific physician. Some of these characteristics could be physician specialty, health insurance coverage available (i.e. different private insurances accepted by different physicians), and location within the county.
Patient attributes
As mentioned earlier entities arrived at the system every seven minutes. Once created, they were assigned an ethnicity and insurance type. For the purposes of this model five different ethnicities were used to reflect the diversity of each of the counties. These were: Asian American/Pacific Islander, Native American/Alaskan/Inuit, Hispanic, black, and white. The ethnicity was assigned based on the proportion of each ethnicity present in each county. A cumulative discrete probability was used which was based on these proportions. Because of SIMAN's framework ethnicities were assigned a number in increasing order and each number corresponded to a cumulative probability.
For this model three insurance types were assigned. These are: uninsured, Medicaid-insured, and privately insured. These were also assigned a number and a corresponding probability based on the proportion of each insurance type that is`p resent'' in each county. Because there are not data available on the proportion of uninsured people for these counties, the figure was obtained from a regional report, which estimates that 8 per cent of the populations in each of the regions in which these counties are located are uninsured. The proportion of privately insured people in the counties was determined by adding the proportion of uninsured and Medicaid-insured people and subtracting that from 100 per cent. It is important to note that for the purposes of this model ethnicity and insurance type are assigned independently as separate attributes.
Access to care
In this model, access to care is determined by the two attributes. In the case of insurance type, the uninsured people had no access to care; Medicaid-insured patients had a probability of access to care of 0.50 and a probability of not receiving care of 0.50; and all of the privately insured patients had access to care.
Because insurance type and ethnicity were assigned independently, access to care by ethnicity was determined by the service time associated for each ethnicity. A rate of seven minutes was used for white, Native American, and Asian American patients. Hispanic patients had a service rate of 2.66 minutes based on the percentage of therapeutic procedures that Hispanic patients are less likely to receive than whites in Andrews and Elixhauser's study (2000) . In this study, results show that Hispanics were less likely than whites to receive procedures in 38 per cent of the 63 conditions examined.
Similarly, Harris et al. (2001) examined 78 conditions treated in acute care hospitals to identify possible variations in medical treatment by race and gender among blacks and whites. The study found that blacks were less likely than whites to receive major therapeutic procedures in 48 per cent of the conditions examined. Using that figure of 48 per cent it was determined then that the service rate for blacks in the simulation was 3.36 minutes (i.e. 48 per cent of seven minutes).
Data
Additional data needed for the model was obtained from the two counties' health assessment and health status report.
Although the number of Medicaid-insured people in the counties was not provided directly in the health assessment, the percentage, was calculated using the number of people covered by Medicaid in each county and the population of each county. It was determined that 5.0 per cent of the population is Medicaid-insured for county A and 4.9 per cent of the population in county B is Medicaid-insured.
The number of physicians in each county, 63 for county A and 78 for county B, was obtained directly from the health assessment conducted for the counties.
The proportion of each ethnicity used for the models was obtained from the health status report for each county. These figures are shown in Table II .
Outcomes
The``Counters'' and``Tallies'' used in the models provided the following statistics:
Care received by ethnicity. Number of people receiving care that were Medicaid-insured. Number of non-cared for people by insurance type and by ethnicity. Service time by ethnicity.
Results
After running the models for each county, the following results were obtained. From Table III , it can be observed that both simulation models were valid. The characteristics of the people accurately reflect the characteristics of the actual people that live in each of the counties. Table IV shows the number of people in each county that did not have access to care by insurance type. The number of people with no access to care in county A was slightly larger than in county B.
Tables V and VI give the breakdown of people that did not have access to care by insurance type and by ethnicity for counties A and B respectively. The Tables also give the percentage of people for each ethnicity category that did not have access to care. Table VII shows the number of people in each county that had access to care by insurance type. The number of people with access to care in county B was slightly larger than in county A. Table VIII gives the breakdown of people that had access to care by ethnicity for counties A and B respectively. The table also gives the percentage of people for each ethnicity category that had access to care.
Each of the``Tally'' blocks of the simulation models generates the following output for thè`S erviceTime'' attribute: Maximum. Minimum. Average. Half-width.
Because the service time was fixed, the maximum, minimum, and averagè`S erviceTime'' equaled the service time that was set for each ethnicity. Also because there was no variation in the``ServiceTime'', there were not sufficient data to obtain a value for the half-width statistic.
Discussion
The simulation models do in fact show that people do not have equal access to health care. For this simulation the health insurance coverage practices of physicians will prevent people with certain health insurance types (i.e. Medicaid) or no insurance from receiving care. The model also shows that different service times for different ethnicities can be incorporated into the model and will be reflected into the results.
The results accurately depict the percentage of insured, uninsured, and Medicaid-insured people in each county as 
Future work
This simulation model can be modified to incorporate additional attributes for the entities and additional characteristics of the resources. Also the model can incorporate variations in arrival and service time.
More data is needed on the proportion of ethnicities by type of insurance. This data can then be incorporated to better reflect which sectors of the population do not have access to care.
It is also important to know the insurance coverage practices of physicians to help reflect which physicians, uninsured patients and Medicaid-insured patients visit. If a disproportionate number of uninsured and Medicaid-insured patients visit the same physicians, different characteristics can be assigned to these physicians in the model. Further statistics such as resource utilization can be collected and increased utilization will also be reflected in a change in the waiting time and thus the service time for the patients.
Future studies should also analyze difference in service rates among all ethnicities. There is a need to increase the number of studies on the provision of health care services to Asian Americans and Native Americans. Different service times may be associated with racism or physician biases but it may also be associated with physician utilization. Also if a distinction is made among physicians who take care of uninsured and Medicaid-insured people and who may have high utilization percentages, there may be a difference in arrival times based on insurance type and/or ethnicity.
Conclusion
With appropriate data, a simulation model may be useful in modeling access to care in a community. Such a model can help determine if certain groups of people do not have equal access to health care. From the simulation, it can be determined which characteristics may lead to the disparities in access to health care. With the results of such a simulation model, the community may then begin to take action in order to ensure equal access to health care for all people within the community and help reduce health disparities.
